Adenotonsillar hypertrophy (ATH) may present with growth retardation. Insulin-like growth factor 1 (IGF-1) mediates the anabolic effects of growth hormone (GH) on tissues. Most of the circulating IGF-1 molecules are bound to insulin-like growth factor-binding protein 3 (IGFBP-3). IGF-1 and IGFBP-3 serum levels reflect the levels of daily mean serum GH and are used as indices for evaluating the serum level of GH. This study aimed to determine the effect of adenotonsillectomy on IGF-1 and IGFBP-3 serum levels in patients with ATH or recurrent tonsillitis. Furthermore, we aimed to investigate the effect of adenotonsillectomy on growth indices such as weight and height.
Introduction
Adenotonsillar hypertrophy (ATH) is the apparent cause of recurrent tonsillitis and upper airway obstruction in pediatric patients. A reduced dietary intake and failure to gain sufficient weight is often reported by parents of children with a history of recurrent acute tonsillitis (1, 2) .
The pathophysiology of failure to thrive (FTT) due to ATH includes low calorie intake, increased energy requirements associated with labored breathing, hypoxemia, and interruption of growth hormone-insulin-like growth factor-1 (GH-IGF-1) axis secretion (3, 4) .
Anabolic and growth-inducing effects of GH are primarily mediated by inducing the expression of IGF-1 in the liver and peripheral tissues (5) (6) (7) . Virtually all of the circulating IGF-1 molecules are bound to a carrier protein called insulin-like growth factor-binding protein 3 (IGFBP-3). IGF-1 and IGFBP-3 serum levels reflect the levels of daily mean serum GH and are used as indices for evaluating the serum level of GH.
Adenotonsillectomy is considered the treatment of choice in patients with ATH and recurrent tonsillitis.
Absolute indications for adenotonsillectomy include ATH with obstructive sleep apnea (OSA), FTT, aberrant dentofacial growth, or suspicion of malignancy. Relative indications include ATH with blockage of upper airways, dysphagia, speech impairment, or halitosis (8, 9) .A limited number of highquality studies have been conducted into the effect of adenotonsillectomy on growth indices thus far. The aim of this study was to investigate the effect of adenotonsillectomy on the IGF-1 and IGFBP-3 serum levels and growth indices such as height and weight in children with ATH.
Materials and Methods

Study population
Patients of children aged 1-18 years old who would most benefit from tonsillectomy were identified according to the latest evidence-based guidelines of the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) (9) . A diagnosis of recurrent tonsillitis was based on hospital documentation and a detailed physical examination. Children with any underlying disease predisposing to upper airway obstruction, asthma, allergic rhinitis, or chronic disease were excluded from the study. After obtaining informed consent from the guardians of the children, 53 boys and 47 girls were enrolled in the study as an intervention group, with a mean age of 10.2 ± 1.4 years (range, 3-17 years). The control group included 100 children (62 boys and 38 girls) with a mean age of 8.5 ± 1.5 years (range, 4-15 years).
Puberty was defined as an age range of 14-17 years in boys and 8-13 years in girls (10) . The intervention and control groups were both divided into prepubertal and pubertal subgroups. Study subjects were randomly selected from patients who were referred to the outpatient Clinic of Otorhinolaryngology -Head and Neck Surgery, Shahid Ayatollah Datgheib Hospital, Shiraz, IR Iran, from June to December 2008. Patients were referred because of recurrent tonsillitis or obstructive sleep disorders due to ATH. Children in the control group were selected from healthy children who presented to the primary healthcare center of the same hospital.
Adenoid hypertrophy was defined as obstruction of more than 50% of the nasolaryngeal space, as confirmed by preoperative imaging or intraoperative evaluation. Adenotonsillectomy was performed by a cold dissection curettage technique, and bipolar cautery was used for hemostasis.
Data Collection
Measurement of growth indices
Preoperative and postoperative evaluation including a detailed physical examination, measurement of height and weight, and sampling for routine blood tests were performed. A trained nurse in the outpatient clinic measured all preoperative heights and weights. The same scale was used for all preoperative and postoperative weight and height measurements, and the accuracy of the scale was verified. Weight was rounded to the nearest 0.1 kg using a balance beam scale while height was rounded to the nearest 1.0 mm with wall-mounted stadiometer during the preoperative period and 6 months after surgery.
Blood Sampling
The first venous blood sample was drawn before surgery and the second was obtained 6 months after the procedure. In addition, blood sampling from the control group was performed twice within a 6-month period.
Laboratory Methods
All blood samples taken preoperatively and postoperatively were centrifuged immediately and stored at −20 °C until the assays were performed. Serum was studied by the coatedtube immunoradiometric assay (IRMA) method using a commercial kit (Diagnostics Systems Laboratories Inc, Webster Texas, USA). All procedures were performed by the same technician in the laboratory. The accurate determination of all serum levels of IGF-1 and IGFBP-3 was performed in one assay.
Statistical analysis
Statistical analysis was performed using SPSS 15 (SPSS Inc, Chicago, Illinois, USA). Measurement differences were calculated by subtracting the preoperative data from the postoperative data. The paired t-test was used to assess the changes in the serum levels of IGF-1, IGFBP-3, and growth indices from baseline to the end of the study in each group. The differences between preoperative and postoperative data were calculated and compared between the intervention and control groups by independent samples t-test. A two-tailed P<0.05 was considered statistically significant.
Results
In comparison with the baseline values, the postoperative IGF-1 and IGFBP-3 serum levels, weight, and height were significantly increased in both groups (P<0.001) (Table.1). Comparison of the differences in IGF-1 and IGFBP-3 serum levels, weight, and height showed a statistically significant difference between intervention and control groups (P< 0.001) ( Table. 2). Differences in IGF-1 and IGFBP-3 serum levels, height and weight were not significantly different in prepubertal and pubertal participants between the intervention and control groups (Table. 3). 
Discussion
The prevalence of ATH-associated growth retardation has been reported previously as 1-46% in various studies (5, (11) (12) (13) (14) . Although a reduced dietary intake and failure to gain weight is generally seen in pediatric patients with ATH, its exact mechanism remains unclear. Growth improvement after surgical removal of the nasopharyngeal airway blockage is noticeable, probably due to multiple factors such as increased GH secretion, increased energy intake, and decreased energy consumption (13) (14) (15) .
GF-1 and IGFBP-3 serum levels reflect the levels of daily mean endogenous serum GH. The excellent reproducibility of IGF-1 and IGFBP-3 on regular testing makes them ideal parameters for the assessment of the GH-IGF-1 axis. Measuring the serum levels of IGFBP-3 may be an alternative to GH profiles in many cases, where GH secretion rate evaluation is required (16) . In healthy children, IGF-1 and IGFBP-3 serum levels indicate slight diurnal fluctuation. Measurement of exact IGF-1 and IGFBP-3 serum levels has been widely used as a screening parameter in the assessment of growth disorders. The serum level of IGF-1 is greatly affected by chronologic age, nutritional status, and degree of sexual maturation. IGF molecules bind to a family of proteins named IGFBP and form a complex in the plasma. IGFBP-3 is the main IGFBP in the normal human serum and shows a clear dependence on GH levels. It is proposed that measurement of serum IGFBP-3 by IRMA might be better than IGF-1 assays in the diagnosis of GH deficiency, because young children may have very low levels of IGF-1. Moreover, IGFBP-3 estimations represent not only IGF-1 level but also IGF-2 level, and its age dependency is not as noticeable as that of IGF-1. In addition, IGFBP-3 measurement by IRMA is technically simple and the level of IGFBP-3 in normal serum is quite high; thus this assay has a high sensitivity (17) .
In a study by Chiba et al., eight out of ten patients showed an increase in IGF-1 after tonsillectomy, while an increase in urinary GH levels was seen in seven patients (18) . This study is the only one found in the literature that demonstrated an increase in GH levels after tonsillectomy.
Nevertheless, the determination of IGF-1 concentration in serum is more reliable than urinary GH levels, because serum levels of IGF-1 reflect mean daily serum levels of GH.
Several previous studies have evaluated the effects of adenotonsillectomy on IGF-1 and IGFBP-3 serum levels and growth indices in children with ATH (Table.4 In current study, the IGF-1 and IGFBP-3 serum levels were measured 6 months after adenotonsillectomy to avoid any effect of "surgery" on these levels.
In present study, significantly lower serum levels of IGF-1 in the intervention group were seen at the preoperative period when compared with the control group. The increase in serum IGFBP-3 levels was statistically significant. However, the increase in serum IGFBP-3 levels was lower than the increase in serum IGF-1 levels. This can be explained by the binding of IGFBP-3 to both IGF-1 and IGF-2. The blood levels of IGF-2 are not completely determined by GH (18) . Moreover, the correlation between IGF-1 and IGFBP-3 serum levels is exponential. Although molecules are regulated by the same factors, the magnitude of variation in the serum levels of IGF-1 is always much greater than that of IGFBP-3. This means that IGF-1 responds more markedly to regulators than IGFBP-3 does (15) .
Weight is considered an important parameter in the assessment of infants' well-being and in any phase of life where nutrition has an important effect on the growth process. In our study, patient weight increased more significantly 6 months after the procedure operation in the intervention group than in the control group. A greater increase in height was detected in surgically treated children during the 6-month period postoperatively, when compared to that of their healthy peers. Weight and height differences in all ages in children with ATH showed a significant increase after adenotonsillectomy in comparison with the control group.
The majority of previous studies showed a significant increase in plasma levels of IGF-1 and IGFBP-3, weight, height, and BMI in patients with ATH after adenotonsillectomy, with the same result the present study. Few studies indicated that there was no significant change in BMI or IGF-1 and IGFBP-3 serum levels after adenotonsillectomy (Table.4 ).
There was a highly significant increase in plasma levels of IGF-1 and IGFBP-3, weight, and height in the control and intervention groups in the present study. Comparison of differences of growth indices clearly demonstrated the effect of adenotonsillectomy in children with ATH.
In a meta-analysis performed in 2009, the authors concluded that standardized height, weight, and IGF-1 and IGFBP-3 serum levels were significantly increased following adenotonsillectomy. However, due to the unreliable quality of studies in the meta-analysis, the presence of statistical heterogeneity, and the limited number of publications available for meta-analysis, the authors' conclusions are not very firm and more studies are required to achieve a satisfactory result (30) .
The current study has the largest sample size among studies performed in this area. Another advantage of the present study is that it includes a direct comparison of patient groups with healthy peers. We suggest a new metaanalysis to determine the final result.
Conclusion
Changes in weight, and height of children with ATH after adenotonsillectomy were significantly higher in comparison to the control group. After 6 months, the children's growth rate significantly increased, as reflected by growth indices. These changes were accompanied by a significant increase in IGF-1 and IGFBP-3 serum levels. These findings suggest that adenotonsillectomy may influence the GH-IGF-1 axis by increasing serum IGF-1 level, leading to a faster growth rate in comparison with healthy peers. We conclude that adenotonsillectomy can help children with ATH to achieve their optimal growth.
